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AMPLIFICATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber 
communication system using distribution Raman 
amplification which is constructed at low cost and 
installed without especially spending time and effort. 
SOLUTION: A transmission fiber 1 is a transmission 
route of signal light and has a loss material LE~2. A 
linear relay device 21 is connected to the transmission 
fiber 1 . The linear relay device 21 is equipped with a 
excitation light source 23, a multiplexer 22 to multiplex 
excitation light and the signal light, the loss material 
LE-1 existing between the multiplexer 22 and the 
transmission fiber 1 , a demultiplexer 24 to separate 
reflected excitation light reflected by the transmission 
fiber 1 and emitted excitation light emitted from the 
excitation light source 23, a receiver 25 to receive the 
reflected excitation light emitted from the demultiplexer 
24 and a control circuit 26 to control the excitation 
light source so as to keep Raman gain constant based 
on variation of a level of the reflected excitation light 
received with the receiver 25. 



(51)Int.CI. 



:<§:>. 



E±2 i * ? 



iG3 



a,. 



f 



(19) B#SW1H?(JP) 


(12) as us T? 


IrF & IS (A) Ul)4WAIi&N*4 








st$S§20Q4-240278 








(P2004-240278A) 








(43)<2rMB ¥*16*P8B 285(2004.8.2© 


(51) lilt XI. 


r 1 




f-73-F mm 


GQ2F 1/;R> 




1/35 50 1 2K002 


It A 4 C Q/QA 

HOIS 3/30 




3/30 


Z 5F072 


H04B lO/lo 




9/00 


J 5K102 


H04B 10/17 














m m msmcom n o l 13 h) 




1#gi2003--30776 (P2003-30776) 


(71) til® A 


000004228 


to SB FT 


^BS:15^2^7B (2003 2 7) 


















(74) a 


100064908 














(74) ft* A 


100108453 






































(72) 56fW# 


S3R *f A 








RKfP-Tf^KKA^iT— T@ 3# 1 B 


















(54) [)Hfl0«fH »W^>««*^^^^TH P ^a«^'TA 



(57) 

I fil^*^] fiat? t^a'i ««-fjte^as»T* 0 , 

ih»2 itmmziix^h. im*mm2 neat, Uis 

3ft® 2 3 fc , )»B3fei:«^3l£*^jH-&^ft»2 2 1 s 
2 2 HSU? r-fA'l «=#S-f^ii**L E 

3ftl2 3frt>tmLtiffltBffl£b Zftm-&%-%.&2 




#^2004-240278 (P2004-240278A) 



me&m&t mumy r a ><<m&fcfctm2 nmtmt . 
KmLfzKmwmmmmmm^ t> tarn i^mmwmtt . ^m-m<^m^z j; 

fc ** i 3 fcflnEB®3KK*fPJ»W4«!!«liIIBi: * 
tl*^«2] 

^«-^'< lufBKS«^K;PiO^Mo l /2 1 <fc -3 fcftKJSiie^fcWPf - * i 

mmmmmt. mm&^&fr^mumi&M&fotTwmMtzm^^xmMmmK 
mm? v 7i]?y Tttm Mmm^m^m^Y<mwt^m^tmm^3ty < >v 

ureas] 

4 izmm^m^^ymm^m^fc^y tA ^n^xfi*. 

WR^RSfc fneasestess^iai fcfcmoiFiefls*rtfcR«s*u mesas? r ^ ^> 



(3) 



1fiS2004-240278(P2004-240278A) 



[3t**ll] 

[00 0 1] 

[00021 
[t&fcO&^J 

frW&wmyT4'Stm$& (ed fa) st. ftm^ymmcotc}bcomw(M4b. 

(jfcX^T*^) 6. ?>yVT%y°?7&£imimm4t:Mfflir&tefr<mffl®S&& : £^ 
■fh . ^X^T^ 6 iiHKW(t^ftnI^^7 4)\s?llb. MBM^^ 1 2 Sr*^ £ 
. ^IftSiflffrS*** 1 254. 7A7>xx7tb^^K { APD ) -*K Wt3EK3 

mmnimmmy r a * 1 <o*c* o , bs^^©*? r^-i e^A&ftt 

[0003] 

e - 2ti. at»iiWN?>wftfe«j:&sai7 r 4sm*m&&mmiz&^ximimx'$£ 

fct& . W*t3r*tf>ftS!MSWfc*H: 0 . 5 - 1 . 0 d BSBtCft * . i**LE - 
1 14. SHESHSfctf a fisS? r >f A 1 ^SSWESSesttSHfc-t* . *4>*SWEEfl:m 
140. 5-2. OdBSJKT'fc?.. «*ftLE-lioJ:VLE"2cr)M5yt* i «^i 

±3. *£-c» «*ii£rF«»J»*ff*-5rv^. 



!(fPi2004-240278(P2004-240278A) 



[0004] 

-?>-fij#*^aj~rsfc4?>. edfai 3^6>djitu. ©n^r-r a'i ^teML^. 

«WH»2fcA«Lfc*S^* (WDM) <mmt (-e^*S:A 1 , A 2 An 

[0005] 

2) j , * ; H!*a«#Att'&*&. B-10-46. P. 483, 2002 

1 ) J v VFfll«»S¥£«£*A. B-10-45, P. 482, 2002 
[0006] 

.BBLfcJcdfc, «$r3£x^T^ 6 j&SsBSTC* . ifi. EDFAI 3 

d WW***. 

[00 07] 

6i^rA£*|&i-£.rkfc&§. 

Weft? r -f^fi^f^ i k . 

[0 0 08] 

£<Dmmi±m&mw%Mm~t&fi:Mz%:ztit:h<?>x\ itWtJH i iztmcowmt, 

s^^iiSk^^^s^T-f^^s^-rAT^^T. frK^wm^. mass 

i-ti^mt v we^BESk «e«S7 r ^^mz^m-m^ t . w&mst 
mbmmmmmvm&fciiffim^mmzimzfi. ffimm?Tjj<&t>wMLK 

fFie*^?&^ffiSttfc^Wl)^^^smi^^£^k. 1<rgE£l 

a t,zmmw}n%M*fflm'& mmms&t ^mmttzb^wb-th^^ym^m 



(5) 



#112004- 



[00093 

<7)M.£:M.cr>$mtem-3 < mdMMffltiS&t UOWlM'Jr&fO l/2£%%£o tz HUlfiBg* 
[00 10] 

msMA kzmmwBt, m%m i izmtcD^? -?>Mm*m^Kfty r a /mm^x 
jet** <£ a (cimMaGBSMiK-* £ fc t f * . 

[00113 

£>*ifc«f*?"V 0 *>»W V7-£3fcf\ iXB.&tPMB 

[00 123 

msmettzmmcomiit. m^-yt^mmxhtimyr^^t. mmmyr-s^m 
m^tihmm^m^st^^^yr^^mm^x^xh^x. mwmm^mm^K n 
tm^yr^^^ymmthwmm^fi-rhwm^mt „ mmwthmmmmt 
z^m-t^mnt. mt&&mt mmmmm$&mttzii.mmnm&mz : imzti. 
mmmy r a ^^mL^mmmmmmmm^m^mm vtzmmmm^t . *■ 

-timw&x&t* wbs&m? r a rt*nB^w&<<zmfcth ^ ?ttt . msmi 
<7y%mnx i %.ii LtzMmmMmw£i/^cr>£imizm~j\ ^x . m& tnwwti. 

[00 133 

mimiizwmwm. m^me izmmnfty r A^mm^"rMzn\ ^x . mmm 
m^fty r a >mm^x"rMza\rz , m&immtf^r-* * !^~?-e& set 

[00 143 

W*Bi 0fcE»f5«HB«. it^PH i ^mm&<n>^^fr<vmztm<Kfr1$^>i%$k 



(6) 



=ffH2004- 



mmi iwbrojbhhu m^mi^msmsco^-nt^mizmmco^my^ymm 

[00 1 5] 

m i az&m&m i nmmommtzz; &%y r 4 ^mm^^^mm&^fy^ -v ? 

mmmmxn, mmmnisj y~mMk&%RBs*m&irX7^ymm=t-?vx^ 
mmmx'te. m^tt^^rLx, m-^t^-^^m^^ymn 

£j:I>*LE-2£ im%hXm^tmm%co^W.m 2«tU l!S^2 33r|S]fcii 

®^S2 3£7)^mM§^^^24T\ Ili@3KI2 3^^>taft«-^lie*t^§^ 
s ««M»2 4fc*«ISS*ife7*br>f*-H (PD) 2 5(cAlfr*S. m&feffi«. € 

[00 16] 

V**. PD2 5T5S*Lfcl^-<yHSfeS»SL*RBS^V-*Pref I fcU »i83f£ 

B#ffiOltr»* «fflB*QBfc:*tft* P r e f 1 feit^P i niOfitfcWe 

tlPr e f I l£J;tfP inL «Bfe*LE~ 1, LE-2«1*(| (LI. L2i:^i. 
) ^^r< fc fc4ffeJ5.*^-#j&^ft:t*:t *<0P refl HiX/P i n<0«£ -eft-eft. P 
r e f 1 i n2tt*. Pref 1 (JSjfc*-** 

APref l=Pref 1-Pref 12 
4fc. P i ntftfWn** 
APin = Pirx2-Pinl 

tr&. ^tmmiz&uxit. 

APin=APref 1/2 

-r^r^fes APintfAPref l cn^Wz&hk o fcMflSSrfr*? . 
[00 17] 

B2tt, #3!at08©fci«t* J~?ynmx^? Hl^Sr^LTV^ . jftjgftK 2 3 Oft&ft 
feSte 2feft ( 1 4 6 0 n mfcil*' 1 5 0 0 nm ) fcLfc. ftfettftttliVvbl9> & ( 
»1570-1600nm)t*l *JJ»R»<Z>X^? WH^fij#Si£?8 dB^S, 
jRjlfe*LE-l<0«BfeLl*si. 6dBJWntfc*£, ?Tfir*>fc, APref 1 = 1. 6 

->tzi%i$, ^ymmmmo- ldB^n^. 

[00 18] 

®3iz. ?vymmtfmco®&mm{tm£zmLx^&. zcomtk^mmtiz. mm 

3^2 3*»^«Blc#LE-l±fcttLE-24r«7T>f/mfrWie«C*ft. MS, » 
j@3te^2 3* 1 io«^LE-lt-t'c7)!Eg^ia^^^tl OOmt&S. tfz. WM7r^^ 
mm I OOkmT^t. fK^LE-lifcttLE-2^**ttHli!lM (AL)*>'1 
. 6dBfcj;Uf0. 6dB0«£t£'?$i*3ft'Oi&. MWfrV^-^^vyffJ^^ 
i(^t) AGii ALtfl. edBfciU'O. 6dB^. AG<?DfbMBi2. 9 
dBJJiVl. 4dBT*-jfc. 
[00 19] 

a»*0^>«*<OAQ(4. AL*U. edBfeit/O. 6dB^ AG<DM$: 
M.&0. 8dBi5it>'0. 4dBtft-jfc, lit^ot, 43£M0BffiiK:J: 0 > ^Wf'M# 
CO- SMMift 0 . 8 d B 6lrt<?aitjr«(|3S!S*L'C ^ I- £ fc tfhfrh . fftc. M£tt£tt#< 



(7) 



#^2004-240278 (P2004-240278A) 



MiktiiLE- 1 t/l{iLE-2tCj:^li@^fI^ig?r. P i n c^iBjBAP i n=AP r 

SEM*^ 1 k mElft^l: . . 
[0020] 

P r e f 1 «3&- 7 dBmtt->ft. fia^tfctt*'JHt^f' j r*A^ffi3fc 
■J-Srfcfc, *X^T-t'6TOgg3fcV'^W4iKr-3 5dBmT*oft. Vizifi">X 

»t^tv\ ^a»gMi^«aj* , c«b*iiis8«««(i* s J£< . ^twfews^fc*)* 

E002 13 

1 SmSJBH-Cti, M»tcfflt*4.*JjflWRfc LT P D 2 5*»&£>Hfle3&9KJtf l^^P r e 

f i sjavvt. —-n, ^mmmmxn. Pref 1 izm-lx. w^^~2<msmm 
%k3ifr^<nwmwmfflmwb32.\,zKft-t&, ^mmtvzt-th. Prefi© 

Mi^SAP r ef 111 «**LE-2«ilbfettfiffrat*d'. SBStD 2**** VXiif** 
— 5VyfIJf#G^^fiAG*>giltD2^^V^fcVjN§<^S^ APr 

ef i io^ao^AGo^fijro^v^ <rtu4. ^ynmG&mw&^v-f) 

&S&yT-i>*R£.&& : W< r 7- (Pave) fCjt^S^fc** U Pref lliPav 

&<D2mtmm<7)&^MX'$>&frL>x'$>&. 

[00 223 

ENE D 2 #5B 4»^fc*&(c»i , 3 1 LE-2t T^Sjfe L 

d2#*n&>9. APre f 1 ^i*ftLE- 2<^|»^L2£»arC&. Ld2iL2 
^^A^BSS^^-P i nfc^4ffl»G^JSB8«#fci^S. Vtztf-o X , L2cO^ 
-fcfc J: WJ#G£-5g4C~r& Pin(Pin2) COffiSrSUffiT^ . »M3 2(C«fc 0 

[00233 

■*mmmx*i&. w$&le - 1 iuvxE - 2<nm&m < l i ±jj;r>'L 2 > awsflst/s 

£ . i-f . P r e f 1 C0^-*AP r e f 1 fffgi^-^T ^V>-flj#GOX^.^ 

G<n®mmb&&frtfrm^x&\ / ^{m7T4'*i<n7vymm^fyb. fifaiL 1 

feJ:VL2<OiftBD*i;*U^G*B8nJt**i.ftPi n<7»4 (P i n3-P i n2) # 
JfcHT* 4. &«U P i n 3fcfcftRW£P i ncr>m.<mx*foh« %CDP i n3«t/l 
l»J:d{ciiJ»ia]M&3 2icJ; 01)®3fe^2 3 
[00 243 

w<vmimmmbM®LLx^&&. m'^^^zm^h. mim&mmxn. mwiz 

m^iXMmt UPD2 bfrh<r>MWt%MV^P r e f l fcfflvxfe. *^ 
«0WB"Ctt. P r e f 1 fcJP^T. H^«i;fff4 1 <3A*<*>fl»#t»— ^'^-P s t 
o t . ttzit. h-?)WV7-P s t o t&XimmJ~^*>lJ6 ( SVC > 9tjffl4 2X 



(8) 



PD4 5SrfflV^-Cttaj-r*. fc**U Pref 1 ^iiitSPD 2 (DPDbi-& 
. (M*f-^*A«N c hii. SVC^3fcH4 2fc. fB*(?5!fe«>Ea*fCV^^4« 

tOO 253 

#KS* JBtt "Ctt . LE-14JiVLE-2 COS** L li5«fef f L2 Ujfe t * 

. £~f. P r e f 1 iOM^MAP r e f I ffifR£*^'Vvr 9^>-»# Gi7>X"<7 h/t^-g 
MM £ ft* 5 . i tf) fc * „ L 1 & JrtA L 2 <3SHfc (C lot, f 5#G#— -> T 

[0026] 

4 a i cy^ymntmifrh . m$ML 1 tJit^L 2<?>*i^t^tv^y#G<7)issiia^ 
ftGx^? b/i— ®H»fc:tJH-e h-^w^-p s t o t c^E-fldfc& !i a»rc* . ttz. 

Ncht h-W<7-P s t o tA»$>?-**;H3 9^*§^<7-*«S»irC8 S. Mft 
Gtfy&jJUJfBi: * 6 j&» t*>*KT:bv tf^S3£7 r -f A l 0>?v>MWiMfrt> - f-v 
0<^fi-^^ s, 7-O^*i:^LViGJiJDM^^^P i ntfD56fl*6*JtajTS 4 . -e«0 
P i nSEflAfc*^ VCWW0K4 6 J: 9fffi@3ftK2 3 £»rr& . 

[0027] 

[04^*1^®] 

06te, *%BJol|4|l5fi^ffi^7r-f^'aM^X'rAS:^LT^§, Hlfc*cf-#* 

tt^A^53»TM, Wsmm52l&2m£: ( 1 50 0nmfelt; 

1 4 6 0 n m ) ^- Ft i/A-Zl' { LDM) 54, 55fc. 2 J&fi<7>I&j@3£ 

^»»56fc 4 #LDM54, 5 5*»^a^17-£Mt v^r? 5 7, 5 
8*3«fct*? >y7L£J§jie#£»f £ 7t h¥4 K5 9. 6 0 £3ttl. . 
[0028] 

cO*S«tt9 5 : 5T*«. HRWfc* v 7**7*5 J: DsW&'t"^ *l—:J* 5 3 
SrfflUfc*^ »@^^^{^- ;J f^^™^5 3T"10 0%^$fl. PD2 5^\ 
S#>sh. 4 . LfzW -> X , If— «*f » ? 5 3 £fflV ^d%r*5<?T%if> P D 2 5 
jMB2 0ft < 1 3 d B ) *S W t-# a V-^ 5 3 £JflV>fc*^*ifitt&3Bf *T7- 
li»-7dBm-Cife*. ^ y7-*77 ^ffi Wfc«^«W^rf*A-7-lil!j" 2 

OdBmtM. l^t, -^-df ^ P-^ 5 3 £ JBV ^-%tf%^7~ U^JUi)^ < 

, pd (7*br-f*-K) coim%m%%t'<mw£%mz< v**>t\ smaii 

[00 29] 

^M""rCkt 3-LDM5 4. 5 5f)lBe^aJ7JffiJ^^7**7*95 7, 5 8£fl?^ 
#^fi^IMS^#7JAV-£;e-? t-TWl>. mnffim&jl'^-tt-f&t LX 
.„ #i^^^^^-K^«W^ffiSif^»g*^iiri£iOPD (ItumyA- 
/W^fclERStfUCV**) X^itthimifhh. :?y7**7*9 5 7, 5 8£fflV>*»#tC 
{4 , Dj^&TJ^V-*^ 77*795 7. 5 8 ^#A«3feT-ffiM^4 1 V >d «3f *** 4 



WH20O4-240278 (P2004-240278A) 



PD*Nmrr* h b^?m&&$>%. 

[0030] 

»S3eR«JR»^a»4. #L DM 5 4 s 5 5 fcitr^H 5 6 ^IHfcJiMR*;fc«:» 
JSSRHL-CfcJ;^. fc*fU «ife*LE-lti«fctfLE-2tt s HRfc, 2SSfeRwaftia 
H^Sv^{Cil^T&*V«J^#W«^*irt5. Ift^T, &LDM5 4 

(MaW^53) *J!Bejie«5 2^ffl*«fc:BaiLfe«^Ki«. 2i!feft£»jg 

[003 13 

ti$TF0>tii&&zmO:* . **SBKtt"C*4. 7 2 . 73C. 

#ffi7^*/P^^tl><?5T\ RJiSfa- 1 4dBtW. 7 4$S&fr3>'ir9 h 
(PC) Sa**OFSfe^CR* { *& Rtt»- 30dB 20d Bmm^t 

. »*PC«®%coa»'5rRiJ:»~4 0 d BHTOS . 

[00 32] 

PCig^^Sf^^r, P D 2 5T«Six-l.*tt±tcfSili7 r-f^l #>4>eo W y -ft 

RW^RtotSi, £5587 r-f A 1 W y-a^tftSL3eRBSOU'<;l'T*0 
, »-30dBtii. >-Xt- ASffltf £ 3 * * t T , 'PC«H»CpflJ:4 
0, PC^fc±5ttl»R^ W*(f-3 0dBfc#ffcUi*&. Rtot|JI!)-27dB 
fc^. LtzW->X. PD 2 5 -CiO^P-^*^ 3 d B±#-t£<?)T\ P r e f 1 
3dBJb#U ?*??^WMm&*Wi}£^&ZbWX'%&. *Jfc„ R^-2 0dB 
fc^-ft Btot 2 0 d Bfcfc 0 . Pref l*tf!)10d BjfcJfU 3 * 

tot tift- HdBteO. Pref 1^16d B±&?& . J2lJbsD£ Hi 
i£ s a^^Ml^miH^^b LT. P r e f 1 coSHmMA 1 1 4 d BlSlhT&SCli: 

^t^9 ^n^wMnn^m^^vb lx. pref i«d» ? 2 

dBJSLLl4dB*iB-C**£fc, fc-*-*UfJ:V*. 
[0033] 

mzi^rv hfvyh* 3*??fr^mm-mm%uKji,mfe<vis^mTb-f&. 

£{±. 3*?^Mfi£«#d&fc'^#II£;5n;t& 5 

rtmmmnz »as-r* £ b & . 

tOO 34] 

b^~r. itucto. $mtzffim-&zbti! s x%&bmz. m^^m^itf^mm-t 



(10) 



^HH2004-240278<P2004-240278A) 



mt:foh. 

tH3 ] mm 1 <o9amn»^fri^&^}<oBiT»« . 

WtC$> h „ 

21,31,41,51,7 l-W&Wm 

2 2, 5 

2 3-RtfiS%a[ 

2 4-ft«H 

25, 45, 59, 6 0-7*br-f3r~F 

26, 32, 46, 61, 7 4— W»jg» 
4 2-SVC5Bfc» 

4 3, 5 7, 5 8-^^y^Ty 

4 4-"tfelllBSg*7 4^ 

5 3-1f— 

54, 5 5— lx-ifr^^-~ ^yA-* 
7 2, 7 3-3*?^ 
LE-1, LE-2-i** 



(11) 



#M2004-240278(P2004-240278A> 




[112] 



10 
9 
8 
7 
6 
5 
4 

1675 1580 1555 3^0 5595 1600 



I 








© : 




....... 


s 1 

o ! 
















A i 
- j-iflr 

L 


& A 

] 


A 

i 


"ZS — 




--I 

i 



3.0 



2,0 

15 

0.5 
0,0- 







— j-V- i 

■ : 6 i 




























i 10 20 30 4C 50 60 



[124 J [05] 




(12) 



!ff 102004-240278 (P2004-240278A) 



[H63 imn 




[H8] 



m 

9 





1 


go 

i 






3 ... 


SSI 


1 




(. 













QjtfJf 



(13) 



#W2004-240278 (P2004-240278A) 



m^^ftHK^wrT a 3# i ^ B4*{gttBtt«&&p t j 

F^-A(##) 2K002 M02 AB30 BA04 DA10 GA05 HA23 

5P072 AB07 AK06 KK30 QQ07 YY17 

5K102 Mil AA15 AA48 LA33 MA03 MB06 MC14 MDOl MD03 MH04 

MH13 MH15 MH18 MH21 MH22 PC12 PHD PH41 PH42 PH47 

PH48 PH49 RD26 



